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Claims 1-28 and 32-38. as of January 16, 2001 (Date of Response to Second Office 
Action after CPA) 

1 . \ A method of making an emitter cojrfact for an emitter region of a bipolar transistor, the 
methocrcomprising: 

fonping a polysilicon structu?6 over an emitter region position of a semiconductive 

substrate, the substrate having a surface at the emitter region position; and 
cross-aittusing metal ap at least a portion of the polysilicon structure to produce a metal 
eidvtter cont^^t entirely above the surface of the substrate at the emitter region 
position. 

2. The method /fcla^n 1 further including forming an emitter region at the emitter region 
position after foraung the polysilicon structure. 



3. The iriethod of claim 2 wherein the polysilicon structure includes a doped layer and 
forming thj emitter region comprises outdiffusing dopant from the doped layer to the emitter 
region pgfsition. \ 

4. (Amended) A method of making an eqiitter contact for an emitter region of a bipolar 
transistor, the method comprising: 

forming a polysilicon structure over an emittewegion position of a semiconductive 

\ 

substrate, the substrate having a surface at the emitter region position, wherem 



forming the polysilicon structure on an emittenregion position comprises: 

forming a diffusion barrier layer; and \ 
forming a polysilicon layer on the diffusion barrier layer; and 
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crpss-diffusing metal and at least a portion of the polysilicon structure to produce a metal 
emitter contact entirely above the surface of the substrate at the emitter region 
position. 



5. (Amended) A method of making an emitter contact for an emitter region of a bipolar 

transistor, the method comprising: 

forming a polysilicon structure over an emitter region position of a semiconductive 
substrain the substrate having a surface at the emitter region position, wherein 
forming the polysilicon structure on an emitter region position comprises: 

forming a diffusion barrier layer, wherein the diffusion barrier layer 

\ 

comprises at least one of the following: a silicon carbide, a silicon 

oxycarbide, and a titanium nitride; and 

\ 

forming a polysilicon layer on the diffusion barrier layer; and 

\ 

cross-diffusing metal and at least a portion of the polysilicon structure to produce a metal 
emitter contact entirely above the surface of the substrate at the emitter region 
position. 




6. The method of claim 4, wherein the polysilicon layer includes polysilicon and 
germanium. 




The method of claim 1 wherein cross-diffusing metal and the polysilicon structure 

/ ^ 

comprises cross-diffusing metal and substantially all of the polysilicon structure. 

\ 



8. The method of claim 1 wherein qfoss-diffusing metal and x the portion of the polysilicon 
structure, comprises: 

depositing metal on the polysilicon structure; and 
urging diffusion of the deposited metal into the polysilicon structure 
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9. The method of claim 8, wherein urging diffusion of the deposited metal and the 
polysilicon structure comprises heating the deposited metal and the polysilicon structure. 

10. The method of claim 1 wherein cross-dpusing metal and the portion of the polysilicon 
structure comprises: / 

forming a metal layer on the polysilicon structure; and 
heating the metal layer and the poly/ilicon structure. 

11. The method of claim 1 wherein the metal comprises at least one of aluminum, gold, and 
silver. / 

12. A method of making an emitter/contact for a bipolar transistor, the method comprising: 
forming a polysilicon structure/on an active region of the transistor, the polysilicon 

structure including: / 

a diffusion barrier layer on the active region; and 
a polysilicon layer on the diffusion barrier layer; and 
cross-diffusing metal and ayleast a portion of the polysilicon layer. 

13. The method of claim 12, wherein the polysilicon layer includes a dopant. 

14. The method of claim 12,/wherein the diffusion barrier layer comprises at least one of the 
following: a silicon carbide, a s|licon oxycarbide, and a titanium nitride, and the polysilicon layer 
includes polysilicon and germanium. 

15. The method of claim il wherein cross-diffusing metal and the polysilicon layer 
comprises cross-diffusing metal and substantially all of the polysilicon layer. 
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16. The method of claim 12 wherein cross-/iffiising metal and at least a portion of the second 
polysilicon layer, comprises: 

depositing metal on the polysilicon la^er; and 
heating the deposited metal and the polysilicon layer. 

1 7. The method of claim 1 2 wherein /he metal comprises at least one of aluminum, gold, and 
silver. 

18. A method of making an emittejr contact for a bipolar transistor, the method comprising: 
forming a polysilicon structure on an emitter region position of the transistor, the 

polysilicon structure including a doped diffusion barrier layer on the emitter 
region position and I polysilicon layer on the diffusion barrier layer; 
depositing metal includingjat least one of aluminum, gold, and silver on the polysilicon 
layer; and / 

heating at least the deposited metal and the polysilicon structure to urge diffusion of the 
deposited metal into the polysilicon layer, with the doped diffusion barrier layer 
inhibiting diffus/on of the deposited metal into the emitter region position of the 
transistor. 

1 9. The method of claim ll 8, wherein the diffusion barrier layer comprises at least one of the 
following: a silicon carbide,/a silicon oxycarbide, and a titanium nitride. 

20. A method of making a metal contact for a bipolar transistor, the method comprising: 
forming a conductive diffusion barrier over an emitter region position of the transistor; 
forming a polysilicon structure on the conductive diffusion barrier; and 
cross-diffusing metal and at least a portion of the polysilicon structure to form a metal 
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2 1 . The method of claim 20 further including forming an emitter region in the layer 
underneath and in contact with the polysiliion structure. 

22. The method of claim 21 whereinihe polysilicon structure includes a doped layer 
contacting a region of the layer and forping the emitter region comprises diffusing dopant from 
the doped layer into the region. 

23. A method of making a bipolar transistor having self-aligned base contacts and self- 
aligned metal emitter contact, the method comprising: 

forming first and second dolysilicon base contacts on a semiconductive layer, the contacts 

spaced apart to dejfine an active region in the semiconductive layer; 
outdiffusing dopant frorp the first and second base contacts into the semiconductive layer 

to form extrinsic base regions aligned with the base contacts; 
implanting an intrinsi^base region in the active region; 
forming a doped diffusion barrier layer on the intrinsic base region; 
forming a doped pol/silicon layer on the doped diffusion barrier layer; 
forming an emitter region self-aligned with the doped diffusion barrier layer by 

outdiffusing dopant from the doped diffusion barrier layer into the intrinsic base 

region; and 

cross-diffusing njetal and at least a portion of the polysilicon layer after forming the 
emitter region, thereby forming a metal emitter contact self-aligned with the emitter region, 

24. The method of/claim 23 : 

wherein cross/diffusing metal and at least a portion of the polysilicon structure includes 
crossiiiffusing metal and substantially all of the polysilicon layer. 
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25. The method of claim 24, wherein the diffpion barrier layer comprises at least one of the 
following: a silicon carbide, a silicon oxycarbipe, and a titanium nitride, and the polysilicon layer 
includes polysilicon and germanium. 

26. The method of claim 24 wherein c/Gss-diffusing metal and substantially all of the 
? polysilicon layer comprises: 

depositing metal on the polysilifcon layer; and 

heating at least the deposited pietal and the polysilicon layer to a predetermined 
temperature. 

27. The method of claim 23 ^herein the metal comprises at least one of aluminum, gold, and 
silver. 

28. A method of reducing Emitter resistance of a bipolar transistor, the method comprising: 
forming a bipolar transistor structure having a polysilicon emitter contact electrically 

coupled to an emitter region of the transistor structure; 
cross-diffusing metal and at least a portion of the polysilicon emitter contact. 



32. A method of making a bipolar transis|6r having self-aligned base contacts and self- 
aligned metal emitter contact, the method comprising: 

forming first and second polysiliconf base contacts on a semiconductive layer, the contacts 

spaced apart to define an active region in the semiconductive layer; 
outdiffusing dopant from the first/and second base contacts into the semiconductive layer 

to form extrinsic base regions aligned with the base contacts; 
implanting an intrinsic base region in the active region; 

forming a doped polysilicon sl/ucture on the intrinsic base region, wherein the polysilicon 
structure includes: 

a doped diffusion barfier layer on the intrinsic base region; and 



r 



PENDING CLAIMS Page 7 

Docket No. 303.466US 1 Serial No.: 09/069,668 

Micron Ref. No. 97-1109 

\ 

a polysilicon layer on the doped diffusion barrier layer; and 
forming an emitter region self-aligned'with the doped polysilicon structure by 

outdiffusing dopant from tfye doped polysilicon structure into the intrinsic base 
region; and 

cross-diffusing metal and substantially all of the polysilicon layer after forming the 

* emitter region, thereby forming a metal emitter contact self-aligned with the emitter region. 

* 33 . A method of making a metal emitter contact for an emitter region position of a bipolar 
transistor, the method comprising: 

forming a diffusion bafoer layer over the emitter region position of a semiconductive 
substrate; 

forming a polysiliorjn layer on the diffusion barrier layer and over the emitter region 
position; and 

cross-diffusingymetal and at least a portion of the polysilicon layer to produce the metal 
emitter contact, the rgfetal emitter contact electrically coupled to the emitter region through the 
diffusion barrier la\ 

34. (Amended) A methoHsOf making a metal emitter contact for an emitter region position of 
a bipolar transistor, the method ctoiprising: 

forming a diffusion barrier laW over the emitter region position of a semiconductive 

substrate, wherein the diffusion barrier layer includes a dopant; 
forming a polysilicon layer on the diffusion barrier layer and over the emitter region 
/ ) 1/ position; and NSs \^ 

cross-diffusing metal and at least a portion of the polysilicon layer to produce the metal 
emitter contact, the metal emitter contact electrically coupled to the emitter region 
through the diffusion barrier layer; and 
outdiffusing at least a portion of the dopant into the emitter^egion position. 



v 
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35. A method of making an emitter contain fi/r an emitter region position of a bipolar 
transistor, the method comprising: / 

forming a polysilicon structure over an emitter region position of a semiconductive 

substrate, the substrateiiaving a surface at the emitter region position; and 
cross-diffusing metal and at least a portion of the polysilicon structure to produce a metal 
emitter contact have a surface confronting the surface of the substrate. 

36. The method of claim &5 further including forming an emitter region at the emitter region 
position after forming the polysilicon structure. 

37. The method of daim 35 further including forming an emitter region at the emitter region 
position after forminjg the polysilicon structure and before substituting metal. 

38. The method of claim 35 wherein the polysilicon structure includes a doped layer and 
forming the emitter region comprises outdiffusing dopant from the doped layer to the emitter 
region position. 



